Purpose: To delineate a catastrophic childhood epileptic syndrome of unknown cause presenting with persistent intractable multifocal status. Methods: Case note review. Results: Six children aged 5 months to 6 years presented with focal seizures that progressed within days to intractable multifocal seizures with or without secondary generalisation, which recurred every few minutes and persisted for weeks. One developed impaired consciousness shortly before seizures started. The two younger children showed mild developmental delay before onset but the others were normal. The seizures were unresponsive to all conventional anticonvulsants, steroids or pyridoxine and could only be controlled with doses of thiopentone sufficient to cause electrical suppression. MRI scans were initially normal but later showed focal cortical swelling followed by generalised atrophy. Two developed hepatomegaly, with a normal liver biopsy in one and steatosis in the other. No cause has been found even after neuropathological investigation. Three have died, two within 3 months of onset, while the three survivors have very severe neurological impairment and continued seizures.
INTRODUCTION
Acute onset intractable status can be the presentation of several catastrophic childhood epileptic encephalopathies, including Alpers-Huttenlocher syndrome, pyridoxine dependency and other metabolic, infective or malformative conditions. In recent years six children have presented to different UK centres with focal or multifocal status and a devastating acute epileptic encephalopathy culminating in death or severe disability. No treatment was effective and no cause has been identified. The lack of explanation or even apparent recognition of the syndrome adds to the difficulties of parents trying to come to terms with the sudden loss of a previously healthy child. Delineating the syndrome will allow further study and should help in counselling parents.
METHODS
Case notes review of affected children.
RESULTS
Clinical features are summarised in Table 1 . The six patients were aged between 5 months and 6 years 10 months at presentation. Two had a distant family history of epilepsy, not affecting immediate family members, sibs or cousins. Most were developmentally normal before the onset of their symptoms. All had normal head circumference measurements on presentation. Patient 2 was not recognised to have mild delay before presentation but a review of family videos suggested this retrospectively. Four had non-specific symptoms suggestive of infection immediately before Key: DNET = dysembryoplastic neuro-epithelial tumour; +m = number of months after onset; EPC = epilepsia partialis continua; GTCS = generalised tonic clonic seizures; IPS = intermittent photic stimulation; IPPV = intermittent positive pressure ventilation.
onset although later investigation did not identify an infectious cause or pathology. Patient 5 had an acute reduction in visual acuity with disc swelling suggestive of papillitis immediately before the onset but MR imaging 2 weeks later showed no evidence of demyelination or optic nerve compression. They presented with clinical and electrical features of focal or multifocal seizures that increased in frequency and severity over 1-3 days, developing into intractable status. Treatment with a wide range of different agents was completely ineffective, except at high enough doses to cause electrical suppression ( Table 2) . As well as conventional anticonvulsants, immunosuppressive agents were unhelpful. Three children died. The three survivors all showed persisting intractable multifocal seizures and severe cognitive and motor sequels, that rendered two completely dependent for all care including feeding.
Investigations failed to show a cause (Tables 3-5 ). There was no positive evidence of a metabolic or inflammatory cause. Three had increased urinary sulphite excretion without increased urinary thiosulphate, low urate levels or consistently abnormal purine results. Lactate levels in blood and CSF were initially normal but rose later in some. Specific and nonspecific markers of infection and auto-immune activity in CSF were normal. An electroretinogram (ERG) was of low amplitude in the youngest patient, but was not studied in the others. Neuro-imaging was normal at first, but after a few weeks showed focal or generalised cortical swelling followed after 3-4 months by generalised atrophy. Later scans also showed an abnormal white matter signal on T2 weighted images.
Histopathological studies of the liver showed non-specific fatty change in three biopsies and mild peri-portal inflammation in one at post-mortem. None of the changes expected in Alpers-Huttenlocher syndrome were seen. Neuro-pathological findings were very non-specific. In patient 1 at post-mortem changes were minimal, with slight gliosis in the cerebral white matter and scattered grey heterotopias in the cerebellar white matter only. In patient 2 at post-mortem the cerebellar cortex was moderately depleted of Purkinje cells and gliotic; the putamen, subcortical white matter and internal capsule contained scattered mineralisations; the thalamus demonstrated considerable neuronal loss and gliosis with numerous degenerate neurons and ferrugination of these residua; and the cerebral cortex showed a laminar pattern of cortical destruction. All these features can be considered hypoxic-ischaemic in origin. In patient 5 brain biopsy showed non-specific changes in the cerebral cortex, including ischaemic cell changes in some neurons, reactive astrogliosis and scattered macrophages. In patient 6 at post-mortem principal findings in the brain included severe global end-stage cerebellar cortical atrophy and sclerosis with lesser neuronal loss and gliosis in the dentate and inferior olivary nuclei, and subtle loss of pontine nuclei; considerable though patchy neuronal loss and gliosis in the thalamus where there was encrusted (mineralised) debris, and patchy superficial destruction of the cerebral cortex.
CASE REPORT (PATIENT 2)
This boy presented at 2 years with a 3-day history of being 'off colour' followed by an episode of staring, pallor and vomiting and later 10 minutes of Key: normal range in parentheses; TSH = thyroid stimulating hormone; +m = number of months after onset; VLCFA = very long chain fatty acids; * on treatment with sulphur containing drug (cefotaxime); AFP = alphafoetoprotein. Key: HSV = herpes simplex virus; VZV = varicella zoster virus; EBV = Epstein-Barr virus; CMV = cytomegalovirus; HHV6 = herpes hominis virus 6. Key: +d = number of days after onset; +w = number of weeks after onset; +m = number of months after onset; PM = post-mortem. generalised jerking. There was no antecedent or family history. Details of his developmental progress and review of family videos suggested mild developmental delay (cruising, crawling, first words at 15 months, walking between 18 and 20 months; five single words and no phrases at 24 months). Two hours later he became unresponsive with tonic posturing and mouthing which responded partially to intravenous diazepam 2.5 mg. After 15 minutes, his respiratory effort deteriorated and he was intubated and ventilated. Over the next 48 hours, he had increasingly frequent episodes of staring with lip smacking, tonic seizures with apnoea, tonic posturing of the upper limbs, right and/or left sided clonic movements, and generalised tonic clonic seizures, that occurred up to four times an hour for anything from a few seconds to 3 or 4 minutes duration. His conscious level deteriorated with asymmetrical decorticate posturing to pain. This coincided with increasing amounts of anticonvulsant treatment. Diazepam, paraldehyde and phenytoin were ineffective: only thiopentone sufficient to cause electrical burst suppression controlled his seizures. His seizures continued until death both clinically and on cerebral function monitoring. The initial ictal EEG showed a focal onset at different sites with generalisation followed by attenuation, while interictal recording showed multifocal spike activity (Fig. 1) . Later EEGs showed suppression with high dose barbiturates or bursts of polyspike activity with an attenuated background (Fig. 2) . Investigations and treatment modalities are listed below (Tables 2 and 3 ). His MRI brain scan showed diffuse white matter changes and a focal area of hyperintensity in the left posterior thalamus. Over the last 5 days, his condition deteriorated with the development of proteinuria, cardiac failure despite ionotropic support, and finally hepatomegaly with jaundice and raised aspartate aminotransferase (82 U/l, upper limit of normal 45) but normal alanine aminotransferase levels. Liver and muscle were obtained immediately after death and snap frozen: the liver showed microvesicular steatosis and muscle was normal. Post-mortem findings were described earlier.
DISCUSSION
These children had a strikingly similar clinical syndrome comprising preceding normal or mildly delayed development, a sudden onset of uni-or multi-focal seizures building up to status over a few days, almost total unresponsiveness to all anticonvulsants, and death or severe neurological disability with cortical atrophy as the sequel. However, extensive investigations including neuropathology failed to provide an explanation. MRI findings were non-specific. Three had positive urinary sulphite tests without other clinical or biochemical features of molybdenum cofactor or sulphite oxidase deficiency, possibly explained by drug interference. No other positive metabolic, infectious, inflammatory or structural abnormalities could be demonstrated. In those who survived more than 2-3 months global brain atrophy developed on MRI, associated on post-mortem with neuronal loss most marked in the cerebellum. While the neuropathological findings suggest that of these a metabolic cause is the most probable, none had any family history suggestive of a recessive condition. Acute onset intractable status persisting for weeks is an unusual presentation which is poorly described in standard texts. Recognised conditions which can present in a similar way were excluded in our cases. Alpers-Huttenlocher syndrome can be excluded on the basis of normal liver function tests, normal liver histopathology and the absence of the characteristic EEG findings 1 . Poliodystrophies were also excluded by the absence of histopathological changes in the brain: although changes can sometimes be focal, it would be surprising to have missed these in four separate patients who were specifically examined for this diagnosis. Storage disorders were excluded on similar grounds. Pyridoxine dependency was formally excluded by trials of treatment, but the clinical course would not have been typical in the older children. Molybdenum cofactor and sulphite oxidase deficiency usually present with neonatal seizures, hypotonia and a cavitating leucodystrophy, associated with characteristic biochemical abnormalities. Later onset cases have not presented with intractable seizures alone 2 . None of our patients had a trial of folinic acid, recently shown to be effective in some neonatal onset seizures 3 . Cat scratch disease encephalopathy can present with status in previously healthy children but full recovery usually occurs within 2 weeks and EEGs typically show diffuse slow wave activity 4, 5 . However one case has been described with persisting seizures, visual disturbance and focal MRI changes 6 . Four of our cases presented with a prodromal illness, two with fever, suggesting an infective cause and although no evidence of this was found on neuropathology this cannot be excluded. However inflammatory conditions including auto-immune disorders still seem unlikely in view of the lack of positive neuropathological findings and of any response to immunomodulatory therapy.
A similar syndrome may have been described in Japanese children by Awaya et al. at the International League against Epilepsy meeting in Dublin in 1995 (Peculiar type of post-encephalitic epilepsy: a new syndrome?). They described 24 children aged 3-15 years at onset with intractable partial seizures and subsequent developmental delay, but details are too sparse for full comparison. The clinical course does not appear as devastating as in our patients. They suggest a viral aetiology in their patients, 40% of whom had a CSF pleocytosis. Coppola et al. 7 have described 14 infants with multifocal seizures beginning between 13 days and 7 months of age which became frequent and intractable by 1-10 months, who became quadriplegic. No cause was found. Neuropathology showed hippocampal neuronal loss and gliosis in two patients. Eight who were tested had reduced b waves in their ERG. This resembles our first patient, but the others differ in the age of onset. One case report describes a previously healthy 7-year-old who followed a similar course to our cases and survived with continuing seizures and diffuse atrophy on MRI after 70 days of high dose polytherapy 8 .
One striking feature is the total lack of response to therapy. As in the case report cited above 8 , only drugs such as barbiturates at levels that caused electrical suppression could stop the seizures. This is difficult to explain. Resistant seizures following acute symptomatic aetiologies such as infection or trauma usually resolve in a few days. If our children had acute pathologies the effect on the brain persisted for much longer. One hypothesis would be that children may have had a varied aetiology to the onset of their seizures but that they have a common cause to their persistence and lack of response to treatment. This requires further evaluation.
These children were distressing to manage as all medical interventions were so ineffective. Their parent's and family's bereavement was not helped by the lack of any explanation and by the lack of any syndromic diagnosis. Delineation of the syndrome is a first step to more effective management.
